Background-The primary role of respiratory syncytial virus (RSV) in causing infant hospitalizations is well recognized, but the total burden of RSV infection among young children remains poorly defined.
Conclusions-RSV infection is associated with substantial morbidity in U.S. children in both inpatient and outpatient settings. Most children with RSV infection were previously healthy, suggesting that control strategies targeting only high-risk children will have a limited effect on the total disease burden of RSV infection.
The primary role of respiratory syncytial virus (RSV) in causing lower respiratory disease among infants has made its control a worldwide priority. 1, 2 However, in the United States, the total burden of RSV infection during the first 5 years of life remains poorly defined, particularly in the outpatient setting. Previous studies have been limited because they were retrospective, of short duration, lacked laboratory confirmation of RSV infection, or focused only on hospitalizations or bronchiolitis. [3] [4] [5] [6] [7] [8] The Centers for Disease Control and Prevention (CDC) initiated the New Vaccine Surveillance Network (NVSN), a prospective, population-based inpatient and outpatient surveillance for acute respiratory infections among children under 5 years of age in 2000 in Nashville and Rochester, New York, and in 2003 in Cincinnati. The aim of our study was to determine the population-based burden of RSV infection among hospitalized children and outpatients in emergency departments and primary care settings. We further sought to describe the effect of potential risk factors on the severity of illness.
Methods

Study Design
The design and methods of NVSN's surveillance for acute respiratory infections have been described previously. [9] [10] [11] [12] [13] [14] [15] [16] Outpatients were enrolled at each site from one to four urban and suburban pediatric practices either 1 or 2 days per week and from emergency departments during daytime and nighttime shifts in Nashville and Rochester 3 or 4 days per week and in Cincinnati's emergency department every fourth day. During the study period, surveillance hospitals cared for more than 95% of each county's children; emergency departments cared for 30% of the children in Nashville, 60% in Rochester, and 95% in Cincinnati.
Eligible children were under 5 years of age and had received a diagnosis of acute respiratory infection, which was defined as an illness presenting with one or more of the following symptoms: fever, cough, earache, nasal congestion, rhinorrhea, sore throat, vomiting after coughing, wheezing, and labored, rapid, or shallow breathing. Excluded were children who had respiratory symptoms lasting more than 14 days, had neutropenia from chemotherapy, had been hospitalized elsewhere within 4 days, or were newborns who had been hospitalized since birth.
Written informed consent was obtained from a parent or guardian of each child. The institutional review board at each site and the CDC approved the study. The authors vouch for the completeness and accuracy of the data and the analyses presented.
Patients
We obtained children's demographic, medical, and social histories in standardized interviews of parents or guardians. 12, 13 The choice of clinical management, including hospitalization, was determined by the child's physician. Laboratory and clinical information was obtained from records from hospitals, emergency departments, and outpatient primary care settings. Recorded high-risk medical conditions included prematurity (<36 weeks of gestation); chronic pulmonary, cardiac, kidney, or immunodeficiency disease; cancer; and sickle cell anemia.
We obtained nasal and throat swabs for viral detection for research purposes only, and the personnel caring for the patients were unaware of the results. [9] [10] [11] [12] [13] [14] [15] [16] All inpatient specimens were tested by reverse-transcriptase polymerase chain reaction (RT-PCR) and culture for RSV, influenza A, influenza B, and parainfluenza viruses 1, 2, and 3. Outpatient samples were assayed by RT-PCR for RSV and influenza. Additional viruses, including human metapneumovirus and rhinoviruses, were detected by RT-PCR among inpatient specimens from Nashville and Rochester in 2000 and 2001. [9] [10] [11] [12] [13] [14] [15] [16] [17] Specimens were defined as positive if RSV was detected by viral isolation or by duplicate RT-PCR assays. 9, 10 
Statistical Analysis
We determined the weighted number of hospitalizations for RSV infection and acute respiratory infections per 1000 children under 5 years of age and age-specific demographic characteristics using bootstrap methods, as described previously. [12] [13] [14] [15] Rates of visits to emergency departments and primary care offices for RSV-associated acute respiratory infections were calculated by multiplying the RSV-attributable portion from NVSN surveillance by rates of acute respiratory infections according to age group estimated from data from the National Ambulatory Medical Care Survey (NAMCS) and the National Hospital Ambulatory Medical Care Survey (NHAMCS) for the respiratory-infection seasons of November through April from 2002 through 2004. 13 The confidence intervals for these rates were calculated with the use of the delta method, which accounted for variation in both the national data sets and the data from this study. 13, 18 Population-based rates for emergency department visits were calculated on the basis of pediatric visits to emergency departments during the winter months Chi-square tests were used for associations between categorical variables, with Yates' correction for continuity used for analysis with dichotomous variables and Student's t-tests for continuous variables. Three multivariable logistic-regression models were constructed for RSV-positive inpatients versus RSV-positive outpatients, for RSV-positive inpatients versus RSV-negative inpatients, and for RSV-positive outpatients versus RSV-negative outpatients. Candidate covariates in each model were sex, age group (0 to 5, 6 to 11, 12 to 23, and 24 to 59 months), the time in day care (≤4 and >4 hours per week), the presence or absence of household exposure to smoke, breastfeeding (0 to <1, 1 to 6, and ≥7 months), the presence or absence of high-risk coexisting conditions, the presence or absence of prematurity, an interaction term between high-risk conditions and prematurity, and the presence or absence of other children under 18 years of age residing in the household. Covariates were included in the multivariable model if the P value was under 0.20 when comparing RSV-positive inpatients with RSV-positive outpatients in bivariate analysis. All statistical analyses were performed with the use of Stata software, version 10.0. 19 
Results
Study Populations
Of 6225 eligible children, 5067 (81% of inpatients and outpatients) were enrolled, and 919 had confirmed RSV infection (Fig. 1) . The major reasons for nonenrollment were a lack of parental consent (65%) or unavailability of parents (20%). In only 1% of cases, the child's physician declined participation.
Laboratory Analyses
Of 564 RSV-positive inpatient specimens, 547 (97%) were identified by RT-PCR and 171 (30%) by tissue culture. Of 500 specimens tested by both methods, 329 (66%) were deemed to be positive only by RT-PCR and 17 (3%) by culture.
Epidemiologic Analysis
RSV outbreaks at each site occurred yearly between November and April. The median onset was December 1. RSV was detected for a median of 18 weeks in Nashville and 20 weeks in Rochester and Cincinnati.
RSV was identified in 919 of 5067 specimens (18%) and was associated with 20% of annual hospitalizations, 18% of emergency department visits, and 15% of office visits for acute respiratory infections from November through April. In 58 of the samples (6%), coinfecting viruses were identified, including 26 samples with influenza virus, 8 with parainfluenza virus, 11 with rhinovirus, 6 with adenovirus, 5 with cytomegalovirus, and 4 with other viruses. The circulation of strain groups was similar among sites, with RSV A predominating during 3 of 4 years. Of 753 RSV isolates that were typed, 602 (80%) were group A, 137 (18%) were group B, and 14 (2%) were determined to be both A and B by RT-PCR. RSV A strains comprised 81% of inpatient isolates and 78% of outpatient isolates (P = 0.32).
Demographic Characteristics
Significantly more inpatients than outpatients with RSV infection were non-Hispanic white, were under the age of 6 months, and had private insurance ( Table 1, and Table 1 in the Supplementary Appendix, available with the full text of this article at NEJM.org). Inpatients with RSV infection were significantly more likely than inpatients who did not have RSV infection to be non-Hispanic white and under the age of 6 months.
Hospitalized Patients
Rates of RSV infection-From 2000 through 2004, the average annual rate of RSVassociated hospitalization was 3 per 1000 children under the age of 5 years and 17 per 1000 children under the age of 6 months ( Table 2) . Hospitalization rates varied yearly and regionally. During the 2003-2004 season, among children under the age of 5 years, the rates were 5.7 per 1000 in Cincinnati, 2.3 per 1000 in Nashville, and 2.4 per 1000 children in Rochester. Among children under the age of 6 months, rates were 33.9 per 1000 in Cincinnati, 12.8 per 1000 in Nashville, and 14.2 per 1000 in Rochester.
Clinical Characteristics-Discharge diagnoses were based on clinical and laboratory information; clinicians were unaware of NVSN laboratory results. Among 564 inpatients with RSV infection, bronchiolitis was diagnosed in 397 (70%) and RSV-associated illness in 252 (45%). Among RSV-positive inpatients under the age of 12 months, bronchiolitis was diagnosed in 85% and RSV-associated illness in 53%, as compared with rates of 31% and 18% in children between the ages of 24 and 59 months, respectively (P<0.001). The major diagnoses among this older age group were pneumonia (51%) and asthma (60%). Among all RSV-positive inpatients, 95% had labored respirations and required supplemental oxygen, 78% had wheezing, 69% were febrile, and 1% had apnea. There were no deaths. Hospitalizations lasted for a median of 2 days and lasted from less than 1 day to 26 days.
Outpatients
Rates of RSV Infection-Overall, the estimated rates of outpatient office visits for acute respiratory infections among children under 5 years of age were higher than the estimated rates of emergency department visits by a factor of 3, but the difference ranged from a factor of 2 to a factor of 11, depending on the calendar year and the age group (Table 2) Clinical Characteristics-The most frequent clinical findings among 355 RSV-positive outpatients were cough (98%), fever (75%), labored respirations (73%, including 85% and 73% of patients in emergency departments and pediatric offices, respectively; P<0.001), and wheezing (65%). Discharge diagnoses included upper respiratory tract infection (32%), bronchiolitis (20%), asthma (13%), and pneumonia (8%). Only 3% of outpatients with RSV infection received the diagnosis of RSV-associated illness, as compared with 45% of inpatients (P<0.001).
Risk Factors for Hospitalization
To assess the effects that environmental and host factors may have had on severe illness, we compared the results for RSV-positive inpatients with those of RSV-positive outpatients. To assess the effects of these factors on the development of an acute respiratory infection specifically from RSV, as compared with other causes, we compared the results of children with respiratory infections who were RSV-positive with those who were RSV-negative (Table 3) .
One or more high-risk conditions were present in 189 of 564 of RSV-infected inpatients (34%) and in 96 of 355 outpatients (27%) ( Table 3 ). The most frequent conditions among high-risk RSV-positive children were previous wheezing, which occurred in 104 inpatients (55%) and 70 outpatients (73%) (P = 0.005), and prematurity, which occurred in 91 inpatients (48%) and 30 outpatients (31%) (P = 0.009). Among children with acute respiratory infections that were either RSV-positive or RSV-negative, the presence of any high-risk condition significantly correlated with hospitalization and increasing age (P<0.001). However, more RSV-negative inpatients than RSV-positive inpatients had highrisk conditions (42% vs. 34%, P = 0.001).
Prophylaxis with palivizumab was administered to 174 of 1765 of high-risk children (10%) and to 140 of 657 children with a history of prematurity (21%) ( Table 3 ). The proportion of high-risk patients with RSV infection who received palivizumab was smaller than the proportion of patients without RSV infection, but the difference was not significant (21 of 285 patients [7%] vs. 153 of 1479 patients [10%], P = 0.15). The rates of prophylaxis with palivizumab differed significantly between high-risk inpatients and high-risk outpatients only among children with RSV-negative acute respiratory infections (P = 0.009).
Factors indicative of a child's environment and care, including day-care attendance, exposure to tobacco smoke, and maternal educational level, were also examined ( Table 3) . None of these factors correlated with illness requiring hospitalization among children with RSV-positive or RSV-negative acute respiratory infections. Only breast-feeding of less than 1 month's duration and the presence of other children under the age of 5 years in the home significantly correlated with hospitalization.
However, multiple logistic-regression analyses revealed that none of these potential risk factors, including sex, independently correlated with more severe illness among patients with RSV infection after adjustment for other covariates (Fig. 2) . Only a younger age and prematurity were independently associated with RSV illness requiring hospitalization. In comparison with RSV-negative patients, RSV-positive inpatients and outpatients were significantly younger (P<0.001) but were not more likely to have been premature, indicating that a young age imposed a greater risk for RSV-positive illness than for RSV-negative illness.
Discussion
Our findings from three geographically diverse populations provide a comprehensive view of the RSV burden among children within the first 5 years of life. In our population, rates of hospitalization for RSV-associated illness were three times as high as those associated with influenza or parainfluenza viruses, and the proportion of children receiving influenza immunization was low (18%). 13 The estimated rates of outpatient visits associated with RSV infection were similar to those associated with influenza for all children under 5 years of age but were markedly greater for children under the age of 6 months. [12] [13] [14] However, prospective population-based information concerning RSV infection among older children and outpatients is lacking. [3] [4] [5] 8, [20] [21] [22] By concurrently addressing these populations, our study demonstrates a previously unrecognized size and spectrum of burden of RSV infection among all children under 5 years of age.
If we extrapolate from our population-based data to the entire U.S. population, an estimated 2.1 million children under 5 years of age with RSV infection would require medical attention each year. Among these children with RSV-related illnesses, approximately 57,527 (3%) are hospitalized, 517,747 (25%) are treated in emergency departments, and 1,534,064 (73%) are treated by pediatric practices; of these outpatients, 1,256,014 (61%) are between 2 and 5 years of age.
These rates of visits for RSV-associated acute respiratory infections indicate that a major proportion of RSV's burden results in outpatient visits among children beyond infancy. Furthermore, the estimated outpatient rates are probably close to the actual national rates, since our directly determined population-based emergency department rates in Rochester and Cincinnati were very similar and well within the confidence intervals of the estimated rates.
The outpatient burden of RSV on health care resources is probably not fully recognized by health care providers and by public health officials, since only 3% of outpatients with confirmed RSV infection received the specific diagnosis of RSV infection; bronchiolitis was diagnosed in 20% of such children. Significantly more RSV outpatient visits occurred among primary care practices than among emergency departments, and the illnesses of patients from pediatric practices were similar to those of patients in emergency departments and reflected moderately severe disease. This suggests that outpatient visits contribute greatly to RSV's burden by both their frequency and the severity of illness.
The rates of RSV infections requiring medical attention are high not only during infancy but throughout the first 5 years of life. This factor underscores the as-yet-unmet need for an effective vaccine. 1, [23] [24] [25] [26] Of the estimated 2 million children under the age of 5 years who require care for RSV infections annually, 78% are over the age of 1 year. Meanwhile, much effort has been appropriately focused on children who are at highest risk for severe RSV disease and who most need prophylaxis and health care resources. 24, [27] [28] [29] However, our study suggests that since RSV infection among previously healthy children imposes a much larger burden than was previously recognized, the need to address this issue may be even greater.
Characteristics that were most frequently associated with RSV illness requiring hospitalization included male sex, chronic coexisting medical conditions, lower socioeconomic status, smoke exposure, lack of breast-feeding, and contact with other children. 3, 6, 8, [29] [30] [31] [32] [33] [34] [35] [36] However, none of these factors in our population independently correlated with illness severity, except for young age and prematurity, and the risk of prematurity was not specific for RSV disease. Only young age imposed a significantly greater risk of severe illness among children with RSV infection than among children with acute respiratory infections caused by other organisms.
Our findings may differ from those of previous studies partly because our study was designed to evaluate the role of risk factors in acquiring RSV infection and the development of more severe disease specifically associated with RSV. We assessed the first factor by comparing children with acute respiratory infections who were RSV-positive with those who were RSV-negative. We assessed the second factor by comparing children with RSV infection who were hospitalized with those who were treated as outpatients. Greater use of palivizumab prophylaxis also may have affected the rates and characteristics of recently hospitalized high-risk children. 37 This explanation is supported by our findings, which suggest that the proportion of high-risk children receiving prophylaxis who were hospitalized with RSV-negative infection was significantly greater than the proportion of those with RSV-positive infection.
Most children with RSV infection, both those who were hospitalized and those who were treated as outpatients, had no coexisting medical conditions or characteristics that significantly identified them as being at greater risk for severe RSV disease, except for being under 2 years of age. RSV's major burden, therefore, occurs among previously healthy children whose risk of severe illness cannot be predicted.
On the basis of our findings, we estimate that among children under the age of 5 years, RSV infection results in approximately 1 of 334 hospitalizations, 1 of 38 visits to an emergency department, and 1 of 13 visits to a primary care office each year in the United States.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
Figure 1. Enrollment and Outcomes
The number of children who were hospitalized includes 78 children who were initially enrolled as outpatients (74 from emergency departments and 4 from pediatric practices). According to multiple logistic-regression analyses, the only risk factors associated with RSV illness requiring hospitalization were an age of less than 2 years (especially under 6 months) and a history of prematurity. For age groups, the reference group is patients between the ages of 24 months and 59 months. Horizontal lines indicate 95% confidence intervals. (29) 825 (35) 140 (39) 718 (39) Hispanic 59 (10) 290 (12) 57 (16) 235 (13) Other or unknown 27 (5) 149 (6) 31 (9) 165 (9) Age ( 328 (58) 1042 (45) 88 (25) 257 (14) 6-11
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